Cigarette smoking, particularly among young people, continues to be a major public health concern. Although initiation rates have declined for adolescents, initiation rates among young adults have risen.
1 Also, of all age groups, young adults have the highest prevalence of current cigarette smoking. 2 Therefore, developing effective interventions for this population is a public health priority. Young or emerging adulthood is typically defined as 18 to 25 years of age and is marked by important transitions such as increased autonomy in decision-making and fewer social constraints than during adolescence. 3 It also represents a time for increased vulnerability for both the initiation of smoking and nicotine addiction. 4 This period of emerging adulthood may be an important, yet often overlooked, age for formation of long-term health behaviors such as smoking.
Relatively little research has examined transitions and trajectories of smoking behaviors among young adults. 5 Most researchers have used person-centered techniques such as growth curve and growth mixture modeling to explicitly model the heterogeneity in developmental processes and, in the process, have identified several distinct patterns of smoking trajectories from adolescence to young adulthood. 6---9 These approaches assume progression to be continuous instead of incremental (i.e., stage sequential); therefore, smoking must be modeled as a continuous function of time. Growth curves and growth mixture modeling are not as appropriate in situations characterized by a high degree of movement into and out of stages over time, which may be especially relevant to the onset and progression of smoking during emerging adulthood. 10 An alternative approach is to take a personcentered approach such as Markov models 10, 11 and latent transition analysis 2 to examine person-specific patterns of developmental stages. This approach has been applied to the study of smoking behavior 2, 11 but not extensively to the study of smoking behaviors in emerging adulthood. Multiple social, psychological, and environmental factors have been found to influence smoking progression and have been extensively studied as antecedents or correlates of trajectories of smoking. 6, 8 Among these, home smoking bans have emerged as an important yet understudied protective factor. Although the primary goal of a home ban is to protect children and adult nonsmokers from secondhand smoke, 12 recent evidence suggests that home smoking restrictions promote antismoking attitudes and reduce initiation and progression of smoking behavior among adolescents by changing norms about the prevalence and social acceptability of smoking. 13---15 Additionally, adult smokers with a home ban are more likely to quit and remain nonsmokers. 16 As noted by Albers et al., 17 youths with a smoking ban in their parental homes are more likely to prefer smoke-free housing as independently living young adults. In essence, establishing a home ban has a long-term and even intergenerational effect on promoting nonsmoking attitudes and norms among young adults. 17 Individuals with home bans also are more likely to support clean indoor air laws, crucial to tobacco prevention efforts.
18
A recent literature review on the association between home bans and youth smoking reported reduced smoking among adolescents with a home ban. 19 As noted by Emory et al., 19 a few studies also investigated the moderating effect of parental smoking, and most studies found either an association or a stronger association between home smoking restrictions and reduced smoking in homes without parental smoking or an adult smoker. However, 2 studies found that home bans significantly lowered smoking rates, regardless of parental smoking, underscoring the salience of a home ban. 14, 20 All but 2 of the studies in this review
Objectives. We studied the effect of home smoking bans on transitions in smoking behavior during emerging adulthood.
Methods. We used latent transition analysis to examine movement between stages of smoking from late adolescence (ages 16-18 years) to young adulthood (ages 18-20 years) and the effect of a home smoking ban on these transitions. We used data from the Minnesota Adolescent Community Cohort study collected in 2004 to 2006.
Results. Overall, we identified 4 stages of smoking: (1) never smokers, (2) experimental smokers, (3) light smokers, and (4) daily smokers. Transition probabilities varied by stage. Young adults with a home ban during late adolescence were less likely to be smokers and less likely to progress to higher use later. Furthermore, the protective effect of a home smoking ban on the prevalence of smoking behavior was evident even in the presence of parental smoking. However, this effect was less clear on transitions over time.
Conclusions. In addition to protecting family members from exposure to secondhand smoke, home smoking bans appear to have the additional benefit of reducing initiation and escalation of smoking behavior among young adults. were cross-sectional, and more important, none of the studies examined the effect of a home ban on stage-sequential transitions or the effect on smoking behaviors in emerging adulthood. Therefore, despite previous important findings, relatively little is known about the prospective effect of home smoking restrictions on smoking behavior during emerging adulthood, especially in the presence of parental smoking. 19 The main goals of this study were to (1) identify distinct stages of smoking behavior and examine within-individual transitions in smoking from late adolescence (ages 16---18 years) to young adulthood (ages 18---20 years) in a population-based cohort sample and (2) evaluate whether a home smoking ban during late adolescence influences the prevalence of smoking and transitions into and out of smoking stages in young adulthood and whether the effect of a home ban differs by parental smoking status.
METHODS
The Minnesota Adolescent Community Cohort study is a prospective cohort study designed to assess the effects of state and local tobacco control policies and programs on youth tobacco use in Minnesota. The study design is detailed elsewhere. 21 Briefly, participants were recruited through cluster random sampling from geopolitical units in Minnesota, Michigan, Kansas, and North and South Dakota. Individuals were surveyed every 6 months, and participants within geopolitical units were randomly assigned a specific month within the 6-month window for each observation. Each 6 months constituted 1 round of data collection. This cohort was developed by first dividing the state into group-level units based on geographical and political boundaries and then sampling youths within those geopolitical units. Although the Minnesota Adolescent Community Cohort study has 23 rounds of data available, only a subset of rounds was chosen for the current analyses on the basis of 2 primary criteria: first, a time interval long enough to see movement between stages, and second, inclusion of a distinct and informative developmental period, emerging adulthood. 22, 23 Data from rounds 9 (time 1) and 13 (time 2) were used to estimate latent transition models (from 16---18 years to 18---20 years; n = 1423). Additionally, because of differential and unmeasured exposure to state and local tobacco control policies, our analysis was limited to Minnesota participants.
The sample for these analyses included 50.8% females and 49.2% males at time 1, and these adolescents were 85.2% White, 5.0% African American, 2.5% American Indian, 2.3% Hispanic/Latino, 2.4% Asian, and 2.6% other racial groups.
Measures
In this study, the latent variable was smoking behavior. It was measured at each time point by 10 observed variables: 5 smoking items, 2 other tobacco items, an initiation item, a quitting item, and an addiction item. Home smoking ban and parental smoking measured at time 1 were used for the current analysis. Table 1 shows the distribution of all variables used in this analysis.
Smoking behavior. We measured the frequency and intensity of smoking with 5 items. Ever use was measured as "Ever smoked a whole cigarette (yes/no)?" Current use at various levels was measured with 4 items. The first item was "When was the last time you smoked a cigarette, even one or two puffs (sometime today, sometime in the past week, or longer ago than that)?" We used the responses to this variable to create 2 composite items: one representing that the last use was today and the other representing that the last use was in the past week. Those responding that their last use was more than a week ago were asked, "Would you say you last smoked within the past month, within the past 6 months, within the past year, or more than a year ago?" We created 2 items to represent last use within the past month or within the last 6 months.
We measured use of other tobacco products with 2 dichotomous variables (yes or no): "Have you ever used any of the following tobacco products? Smokeless tobacco, such as chewing tobacco, snuff, or dip? How about cigars, cigarillos, or little cigars?" Smoked before age 13 y 10 9
Tried to quit smoking 9 13 Addicted to smoking 3 6 Ever used smokeless tobacco 12 21 Ever used cigars We measured early initiation with a single item: "How old were you when you smoked a whole cigarette the first time?"; the response category was age in years. We dichotomously recoded those who responded "before age 13" as early initiators and those who responded "age 13 and older" as late initiators. Other measures of smoking behavior included the number of times a participant attempted quitting. We dichotomously recoded the responses as at least 1 time or not at all. Severity of addiction was measured as "On a scale from 1 to 5, where 1 is 'not addicted at all' and 5 is 'very addicted,' how addicted are you to cigarettes?" For analyses, responses 1 through 4 were collapsed and recoded as no/low addiction versus high addiction (category 5).
Home smoking ban. We measured home smoking ban with 2 dichotomous variables (yes or no): (1) "Are adults who live with you allowed to smoke inside your home?" and (2) "Are adult guests allowed to smoke inside your home?" Those responding "no" to both questions were categorized as having a home smoking ban. Parental smoking status (coded "yes" if either mother or father smoked) was measured as a binary variable and used to predict latent status transitions. The study sample consisted of 983 individuals who reported having a smoking ban in their household. Of the 983 individuals, 141 lived with a parent who smoked.
Socioeconomic status. We used the highest level of education attained by either parent as an indicator of household socioeconomic status (SES), dichotomized into low SES (high school or less) and high SES (some college or more). 24 We treated parental education attainment as a dichotomous indicator, because the attainment of college education increases the likelihood of a home smoking ban. 17 We collected information on parental education from adolescents by telephone interview.
Statistical Analyses
We used latent transition analysis 25 to examine the transition through stages of smoking over time. The analysis was conducted in 4 phases. First, as a preliminary step to conducting latent transition analysis, the latent class structure within each time was examined with latent class analysis. A series of unconditional latent class models were estimated at each time point, and the number of latent classes was determined by using information criteria and substantive interpretation of classes.
In phase 2, we conducted latent transition analysis by specifying the exact number of latent classes found within time. This bestfitting, baseline model provided estimates of the prevalence of smoking stages at each round and estimates of the rates of transitions between smoking stages. In phase 3, we added home smoking as a covariate to predict prevalence and transitions in smoking behavior over time. In phase 4, we added parental smoking as a grouping variable to examine the differential effect of a home smoking ban on smoking behavior across the 2 parental smoking groups. Phase 3 and 4 models were adjusted for parental education, a proxy for household SES.
We used a likelihood ratio (G 
RESULTS
We used a series of latent class analysis models with 2 through 6 latent classes of smoking behavior to determine the latent class structure within each time point as a preliminary step to conducting latent transition analysis. After balancing fit, parsimony, and interpretability, we selected a 4-status model to show smoking stage transitions from late adolescence to emerging adulthood.
Development and Transitions in Smoking
Each latent stage corresponds to an underlying subgroup of individuals characterized by a particular behavioral pattern. Table 2 shows Transition probabilities correspond to membership in the same latent status at both times. b The transition probability was fixed at zero for subsequent analyses with grouping variable.
the item-response probabilities for each item conditional on latent status membership for young adults. These parameter estimates together with previous research and theory were used to interpret and label these subgroups. The first latent status was labeled never smokers; individuals in this status had a very low probability of reporting any smoking behavior. The second latent status, labeled experimental smokers, was characterized by a very high likelihood of reporting having ever smoked but low endorsement of the other 9 items. The third latent status, labeled light smokers, was composed of individuals who were highly likely to report having ever smoked, smoked in the past 6 months, smoked last month, smoked in the past week, and smoked cigars. The fourth latent status, labeled daily smokers, included individuals characterized by a high probability of reporting exposure to all smoking behavior items except early initiation and use of smokeless tobacco. Table 2 also provides the prevalence of smoking statuses at time 1 and time 2. Never smoker status applied to 69.2% of the individuals at time 1 and 53.7% of the individuals at time 2, and even though the modal latent status was never smokers at both times, its prevalence declined over time. The prevalence of other statuses increased over time.
Considerable change in prevalence of the statuses indicates change or volatility in smoking behavior over time, especially among the daily smokers. The transition probabilities shown in Table 2 reflect this. Never smokers and daily smokers had a higher degree of stability; 78% of the never smokers at time 1 also were never smokers 2 years later, 62% of the experimental smokers also were experimental smokers at time 2, and almost 88% of the daily smokers also were daily smokers at time 2, whereas only 29% of the light smokers also were light smokers after 2 years. Interestingly, individuals in the light smoker status who changed status membership over time had an almost equal probability (31%---39%) of transitioning to an advanced use status and to a lower use status. Table 3 shows the odds ratios (ORs) for the overall effect of a home smoking ban in late adolescence after adjusting for household SES and its differential effects on smoking behavior of young adults across the 2 parental smoking groups. The effect of a home ban was highly significant (P < .001). Individuals who reported a home ban were 0.42 times less likely than never smokers to be experimental smokers, 0.27 times less likely than never smokers to be light smokers, and 0.22 times less likely than never smokers to be daily smokers in adolescence. The protective effect of a home ban differed by parental smoking status. Specifically, those with a home ban reporting no parental smoking were less likely than those reporting parental smoking to be experimental smokers (OR = 0.36 vs OR = 0.52), light smokers (OR = 0.29 vs OR = 0.54), or daily smokers (OR = 0.20 vs OR = 0.60) at time 1 relative to being a never smoker. Table 3 also shows the odds ratios associated with each transition probability relative to staying in the same status over time after adjusting for household SES. The presence of a home ban during late adolescence was associated with a lower probability of transitioning from experimental to light (OR = 0.85) or daily (OR = 0.70) smoker statuses relative to remaining an experimental smoker at time 2. Surprisingly, the effect of a home ban was equivocal for light smokers. They were more likely to progress to daily smoker status (OR = 1.15) and less likely to transition back to experimental smoker status (OR = 0.81) relative to remaining a light smoker at time 2. The home ban had the strongest effect for daily smokers. They had a very high probability (OR = 6.33) of transitioning back to light Note. The models were adjusted for parental education, a proxy for household socioeconomic status. As of this writing, version 1.2.7 of Proc LTA 26 does not provide confidence intervals.
Home Smoking Ban as a Predictor of Smoking Behavior
a Transition probability was very small and thus fixed to zero. This status not included in logistic regression for that row of matrix. b For at least 1 level of the covariate, 1 cell in row of transition probability matrix was empty. Logistic regression model was not conducted for this row.
smoker status compared with remaining a daily smoker at a subsequent time.
The protective effect of a home smoking ban on transitions over time differed across parental smoking groups. The presence of a home ban during late adolescence, without parental smoking (vs parental smoking), was associated with a lower probability of experimental smokers transitioning to daily smoker status relative to staying in the same latent status at time 2. Among those reporting parental smoking, a home ban had negligible effect on transitions within the experimental smoker status. Across both parental smoking groups, the effect of a home ban on movement within the light smoker statuses was mixed. Individuals reporting no parental smoking were likely either to progress to daily smoker status (OR = 3.17) or to transition back to experimental smoker status (OR = 2.22) relative to staying a light smoker at time 2. However, among those reporting parental smoking, the effect of home ban was reversed. Individuals were less likely to transition back to an experimental smoker status (OR = 0.59) and had about the same probability (OR = 1.05) of progressing to daily smoker status relative to remaining a light smoker at a subsequent time. The analysis accounted for household SES.
DISCUSSION
To the best of our knowledge, this was the first longitudinal study that used a personcentered approach (latent transition analysis) to identify development of stages of smoking behavior into emerging adulthood and elucidated the effect of a home smoking ban on the prevalence of and transitions in smoking behavior from adolescence (ages 16---18 years) to young adulthood (ages 18---20 years). Additionally, we evaluated the differential effects of a home ban across parental smoking status; a prior review suggested that this was critical because the effectiveness of home smoking restrictions and youth smoking is likely related to parental smoking status. 19 As indicated by the proportion of individuals in each latent status, an overall trend of increasing use over time was observed. However, not all individuals advanced in smoking behavior over time. Given that late adolescence to young adulthood is a period when smoking patterns are in flux, 4, 10, 11, 23, 27 we expected a great deal of volatility in smoking behavior among our study sample. As expected, we found that light smokers were the least stable status during emerging adulthood, whereas never smokers' and daily smokers' statuses were relatively stable. The presence of a home ban had a protective effect on initiation and escalation of smoking behavior, which corroborates and extends the findings from previous studies that focused on the effect of home bans on smoking in adolescents. 4, 13, 14, 19, 20, 28 Having a home ban on smoking during late adolescence reduced the proportion or prevalence of individuals in a user status at time 1 irrespective of parental smoking status, a known risk factor for initiation and acceleration of smoking, although the protective effect of a home ban was stronger for individuals without parental smoking relative to those reporting parental smoking. No smoking by parents likely interacts with home smoking bans to further reinforce antismoking values and thus affected smoking behavior of our sample. However, a home ban during late adolescence exerted a protective effect in the absence of parental smoking on transitions from time 1 to time 2 for experimental smokers but had no effect on transitions for experimental smokers reporting parental smoking. This could be because a home ban with parental smoking may be antithetical to the promotion of anti-tobacco values, 19 and for home bans to be effective in reducing smoking, parental behavior should be consistent with the parents' messages about not smoking in general. 29, 30 Additionally, these findings confirm the potential moderating effect of parental smoking, in regard to differences in prevalence and transitions across stages of smoking. Also, across both parental smoking groups, the effect of a home ban was mixed on transitions within the light smoker status. These results could be attributed to lack of stability among light smokers.
These findings have important public health policy implications. The lower prevalence of and transitions in smoking behavior among individuals with a home ban highlight the importance of intervening at the environmental level and particularly encouraging home bans on smoking when there are older adolescents at home. Interventions, such as a communication campaign designed to promote home smoking bans, may have the dual effect of both limiting exposure to secondhand smoke and preventing smoking initiation and progression by fostering antismoking attitudes and norms among this population.
The instability of experimental and light smoking statuses emphasizes the importance of focusing interventions on these groups. A significant proportion of the intermediate groups decrease and increase their smoking and may be especially open to stop-smoking intervention efforts, especially compared with daily smokers. Our results suggest that a home smoking ban is one such intervention with important effects on these intermediate-level smokers.
The current study is not without limitations. First, the study did not have adequate indicators of quitting behavior; therefore, it was not possible to precisely measure it. Second, most participants were White and primarily from the Upper Midwest of the United States, and therefore, results may not generalize to other racial, ethnic, or geographic populations. The findings should be replicated in a more diverse sample. Third, we used highest educational attainment by either parent as a proxy measure for household SES. Unlike this study, most published studies have used 2 or more parental characteristics to assess household SES. However, education is measured with little error and is more stable over one's lifetime than are alternative measures of SES, such as occupation or income. 24, 31 Finally, 15% attrition occurred from round 9 to 13, and this attrition could have biased results. However, PROC LTA uses a model-based, fullinformation maximum likelihood 32---34 method to handle missing data. In full-information maximum likelihood, individuals with complete data and partially complete data are analyzed together, and model estimates are adjusted on the basis of all the information provided by these individuals. 25 This technique results in unbiased estimates when assumptions about the type of missing data can be made (e.g., missing at random), although it is not clear how reasonable those assumptions are in this data set. This study was notable in that we used multiple indicators to identify distinct multidimensional stages of smoking, which showed a more complex picture of development of smoking behavior than one exclusively characterized by a linear increase in use. Meaningful key patterns of smoking behavior can be identified with a multivariate latent class analysis because of its approach to modeling measurement error. 35 Furthermore, in this study, we showed the prospective, protective effect of home smoking bans on stage sequential transitions in smoking behavior. Home smoking bans may be an effective way to achieve lifelong anti-tobacco attitudes and behaviors in individuals and even across generations.
